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Communication  VII I A  Study  of  the  Method  of 
Aerosol  Immunization  w5.th  Dust  Plague 
Vaccines  During  Mass  Immunization 


The  successful  test  of  the  method  of  aerosol  vaccination  on  llislted 
groups  of  people  in  1961  permitted  going  on  to  broader  observations  on 
people  with  the  permission  and  on  the  recommendation  of  the  Serumal- 
Vacclnal  Committee  of  the  Ministry  of  Health  USSR,  In  this  work  we  posed 
the  task  of  testing  the  worked-out  method  of  mass  aerosol  immunization 
of  people  by  the  dust  p]ague  vaccine  in  practical  cooditions  as  well  as 
to  verify  and  define  more  precisely  the  data  prevlouoly  obtained  whloh 
attested  to  the  harmlessness  and  weak  reaction  of  this  method  of  vaccina¬ 
tion. 


As  In  all  previous  investigations  a  dry  dust  plague  vaccine  from 
the  i:;h  strain  was  used.  The  original  biological  activity  of  the  test 
series  of  dust  vaccine  was  within  the  limits  of  50"100  billion  live 
microbes  per  gram.-  Anr-oHol  immunization  was  carried  out  in  a  normal 
room  with  a  volume  of  112  cubic  meters  (7,5  ^  6  x  2,7)  which  was  cleared 
only  of  excess  furniture,  Dui’ing  the  four  immunization  seQuences,  the 
length  of  each  of  them  being  15  minutes,  there  ifere  up  to  190  persons  in 
the  room  (in  a  standing  position)  at  the  same  time. 
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V  a  iaatiaiiiant,  Bip-^  iMeb 

liB  a  wep^^ng  feader  attaehad  ta  a  Hoaaahald  fin  op^i1$a|  an 
ei%Q#lo”  overrent,  the  epraj^ng  me  done  o«atinao\ui37  <Bmr  ^  Ihtira 
period  of  jamut^M^Lan*  the  of  vaootoi  tpn;^-in  the  l^ip  |^- 
liTOiQliia^on  j^newe  me  10«4lj^aM.  The  pfejl^Baen  fir  ^  lii^Hoe 
(ee|^%  ifid  eqalpplnis  the'lnatrhiiht,  openihi  the  Viaeiiii 
took  10  nlnuteB, 

The  oonoentratlon  of  the  Taoelne  aeroaol  and  the  doaea  of  Uto 
niorobea  of  the  vaoolne  strain  Inaplrated  by  eaoh  of  thcee  Imnlaed 
Here  deten^ed  by  talcing  amplea  of  the  aeroaol  fron  the  room  In  abaj^p* 
tlon  InstrvBtents  or  the  Ihdobllnjg  type  vith  ai^aequant  aoreenlhg  of  ^e 
absorption  liquid  from  the  Instruments  onto  a  aoUd  enltnre  medium  and 
counting  the  grown  oolonlea.  In  addition,  the  Might  oontent  of  the 
dust  vaoolne  in  the  absorption  liquid  was  determined  by  a  ohemloal  method 
Calculation  of  the  biologioal  (number  of  live  niorobea  per  liter  of 
aerosol)  and  the  weight  oonoentratlon  waa  done  by  oaloulatlng  the  amount 
of  air  suoked  through  the  absorption  InatruMnt  per  unit  of  time.  The 
inhaled  dose  was  determined  as  the  product  of  the  magnitude  of  eonoentra- 
tion,  exposition,  and  minute  volume  of  pulmonary  ventilation  of  a  person. 
{See  Note] 

(Notet  The  minute  volume  of  pulmonary  ventilation  was  taken  as 
10  liters  per  minute  for  the  average  person.) 

The  quantity  of  microbes  of  the  BB  vaccine  strain  insplrated  by 
eaoh  of  the  vaccinated  persons,  oaloulated  by  determining  the  Might 
concentration,  was  150-200  million. 

In  an  experiment  on  monkeys  even  smaller  doses  of  dust  vaccine  with 
two  aerosol  Iranunlzations  produced  resistance  in  $0  percent  of  the 
animals  on  subsequent  aerosol  oontarolnation.  [See  Note) 

(Notei  Experiments  on  monkeys  were  performed  by  N.  F.  Nepogodln, 

A.  A.  Korneyev,  and  V.  I.  Vetoshkin.) 

In  the  four  sequences  of  aerosol  immunization  by  dust  plague 
vaoolnes,  51^3  persons  were  vaccinated.  Before  immunization  all  persona 
were  .subject  to  medical  examination  accompanied  by  a  clinical  analysis 
of  blood  and  urine  and  an  X-ray  examination  of  the  thoracic  organs. 
Healthy  persons  of  the  male  sex  aged  10-2.5  years  were  permitted  for 
iramunrlzatlon. 

Immediately  following  the  vaccinations  medloal  observation  of  the 
health  of  tliose  vaccinated  was  begun  and  continued  for  half  a  year. 

For  seven  days  after  vaccination  there  were  dally  oheck-ups  and  tempera¬ 
tures  of  Ell  wore  taken}  persons  with  oomplalnts  on  the  state  of  their 
health  were  subjected  to  detailed  ollnloal  examination  to  determine  the 
diagnosis ,  Aside  from  daily  temperature  taking,  on  the  let-2nd,  3rd-I*th 
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and  7th-6th  dagra  aftar  Inninliiilani  157  ptraoiw  vara  glvan  Z-rays 
(thoriojlo  organs)  and  luimtdiogldsl  axaidaattons  (total  nodber  of 
leukooTtiSi  aadiasntailon  raaotlon)  and  in  aaoh  pariod  an  afvrage  of 
50  poraokia  wars  aoundnad* 

Aa  a  ramlt  of  tha  obsarratlona  of  tha  vaooinatad  paraona,  it  vaa 
eatabllahad  that  tha  alinloally  aaqpraaaad  poat-raoolnal  raaotlon  to  tha 
aerosol  iHsunlsatlon  of  tha  dost  plagna  Taeoina  in  tha  applied  dosage 
vaa  praotloallgr  ahsont.  In  not  a  ai^le  vaeelnated  person  was  there  a 
temperature  raaotlon  or  angr  sort  of  other  ohenges  In  the  condition  of 
health.  All  those  vaMMiaatad  oontimad  to  perfom  their  duties.  No 
ohangea  vare  raraalod  upon  X-ragr  exaainatlon  of  the  thoraoio  organa. 
Nererthelaas  there  vaa  sons  raaotlon  to  the  aerosol  imunlsatlon,  but 
it  was  revealed  In  suhelinloal  fem  and  discovered  only  upon  laboratory 
Investigation. 

The  oUnleal  analysis  of  the  blood  done  on  157  persons  ahoved  that 
In  91.1  percent  of  those  aacanined,  there  mere  nariced  changes  expressed 
in  an  inoreasa  of  lenkoeytea.  Beaulta  of  the  investigation  of  henograns 
of  those  subject  to  the  aerosol  lasunlsatlon  by  the  dust  plague  vaoolne 
are  presented  In  the  table  in  vhloh  It  Is  seen  that  in  the  first  and 
second  daj^  after  aerosol  iMSuidBatlon,  ohanges  vers  registered  on  96.3 
percent  of  those  exaained.  An  Imrease  with  the  syeatest  oonslsteney 
vas  noted  In  the  nuid>er  of  leukoeytes  (87  percent),  reaching  500*5»(^ 
cells  or  nore,  In  eonpariaon  vlth  the  original  level.  In  50  peroent 
this  Inorease  ezoeedad  the  upper  Unit  of  the  physiological  nom  and  vas 
determined  aa  lenkoeytosls.  The  average  number  of  leukocytes  computed 
for  this  group  vas  6,536.  Chaises  in  the  sedimentation  reaction  in  the 
vaccinated  persons  vas  Inconsistent  and  insignificant  (fluctuations . 
of  plus  or  minus  1«3  n^our),  Its  average  Index  measured  5  ino/hour,  and 
instances  of  an  Inorease  in  the  physiological  norm  under  the  influence 
of  the  limminisatlon  vare  practically  absent  (one  out  of  52). 

Within  three  to  four  days  after  the  aerosol  imnunizatlon,  ohanges 
in  the  blood  vere  observed  In  81i.6  peroent  of  those  examined.  In  3o 
percent  there  vas,  as  before,  an  increased  content  of  leukocytes; 
however,  in  itO  peroent  of  thoee  vaoolnated  there  vae  a  marked  decline. 

The  degree  of  Inorease  vae  leas  significant}  leukooytosis  vaa  observed 
in  only  13.5  peroent  of  them.  Changes  in  sedimentation  reaction  in 
this  period  vere  also  insignificant  and  inconsistent j  however,  there 
wae  some  tendency  toward  slowing  down. 

Examinations  conduotsd  seven  to  eight  days  after  the  aeroaol  immunisa¬ 
tion  showed  that  in  the  blood  of  those  vaccinated  some  changes  were  noted 
which  by  their  nature  oorreaponded  to  those  described  above.  An  increased 
number  of  leukocytes  was  observed  in  76.Ii  percent  of  those  vaccinated  and 
in  I47.I  peroent  of  them  leukocytosis  was  observed.  It  should  be  pointed 
out  that  the  inorease  vae  more  expressed  than  in  the  previous  periods 
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of  Bxanlnatloni  the  averege  eontent  of  lefukoejrtea  In  the  blood  in  thle 
period  wae  Changea  In  aedimentatlon  reaction  verCf  ae  beforoi 

weakly  eicpreaaed  and  indondlatent,  and  a  oertidn  tendency  toward  Blowing 
down  vaa  noted. 

Thua,  under  the  influence  of  aeroaol  laannlaatlon  of  duat  plague 
vaccine j  agalniit  a  background  of  oonplete  abaenoe  of  clinically  expreaaed 
reactions  in  the  Mjorlty  of  thoae  vaccinated,  there  waa  a  distinct 
Increase  in  the  nunber  of  leukocytes  In  the  earlier  periods  after  im¬ 
munization.  The  results  obtained  testify  to  the  development  In  the  over¬ 
whelming  majority  of  thoae  vaccinated  of  a  stereotype  general  reaction 
which  emerged  in  subollnlcal  form*  Unfortunately,  chafes  in  the  blood 
were  studied  by  us  only  up  the  seventh  and  eight  day  after  the  aeroaol 
imnunlzation  and  it  waa  not  possible  to  study  the  fomola  of  the  tddte 
blood.  The  absence  of  these  data  makes  difficult  a  thorough  analysis 
and  also  does  not  permit  establinhing  a  closer  link  in  the  changes  of  the 
hemograms  with  the  general  Immunological  reconstruction  of  the  organism. 

Because  of  the  absence  of  reliable  teats,  in  this  work  we  did  not 
evaluate  the  Immunological  effectiveness  of  aerosol  imnunisatlon  of  the 
dust  plague  vaccine.  The  testing  of  new  methods  designed  to  study  the 
immunological  effeotlveneae  of  plague  vaccine  (a  pestln  teat,  modified 
reaction  of  fixation  of  the  complement,  and  others)  as  well  ae  more 
detailed  hematological  investigations  are  a  task  of  further  research. 

For  purposes  of  a  comparative  evaluation  of  the  reaction  of  the 
aerosol  immunization  method  with  dust  plague  vaccine,  the  results  of 
subcutaneous  and  epidermic  vaccinations  with  live  EB  vaccine  carried 
out  at  the  same  time  as  the  aerosol  Imunization  and  on  entirely  com¬ 
parable  groups  were  studied  by  us.  Subcutaneous  vaccination  by  dry  live 
EB  vaccine  (in  the  standard  dosage)  was  given  to  100  healthy  people  of 
the  male  sex  aged  18-2$  years.  General  post-vacoinal  reaction  was  noted 
for  all  those  vaccinated}  it  was  heavy  in  66  of  them  (higher  than  38.$®), 
average  for  26  (37.6-38.$®),  and  in  6  of  them  it  was  light  (37.1-37.$®). 
Local  inflammatory  reaction  in  the  form  of  tumescence,  hyperemia,  and 
pain,  which  in  a  part  of  the  cases  were  accompanied  by  regional  lympha¬ 
denitis,  was  noted  in  98  of  the  men. 

Some  $,600  healthy  young  (l8-2$  years  of  age)  men  were  vaccinated 
by  the  epidermic  method.  Immunization  was  conducted  in  accordance  with 
existing  instructions  on  epidermic  application  of  live  EB  plague  vaccine. 
No  heavy  post-vacoinal  reactions  of  those  given  epidermic  vaccinations 
were  noted j  However,  120  men  (2.1  percent)  were  observed  as  having 
modium  reactions  and  96  men  (1.7  percent)  had  light  reaciioits.  In 
addition,  96  percent  of  those  vaccinated  had  a  local  reaction  which  were 
in  the  form  of  j.nflammatory  changes  where  the  vaccine  was  injected  as 
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mil  89  In  the  form  of  regional  lymphadenitis,  Loosl  reaotlona  dlS’- 
appeared  or  dlmlnlahed  oonalderably  (scabs  fell  off,  hyperplasia  of  the 
l^h  nodes  diminished)  only  after  7r8  days  after  the  epidermlo  vaccina* 
tlon. 


The  oonparlson  of  the  data  cbtalned  testifies  that  the  reaction  of 
the  method  of  aerosol  Immunization  of  dust  plague  vaccine  la  considerably 
less  than  the  reaction  of  the  subcutaneous  and  epidermle  methods  of 
iimanlzatlon  agalntt  plague* 
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RESULTS  OF  INVESTIGATIONS  OP  HEMOCUIAMS  OP  PEOPI£  SOBJEI 
IMrDMIZATIGN  OP  THE  DUST  PIAGOE  VACCZBE 
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Suanary 

Aeroaol  Imranlzatlon  of  $li3  healthy  young  non  (18«2S  yeaya)  ualng 
the  dust  plague  vaoolne  in  a  dose  of  150-200  ndllion  live  mlorohes  of 
the  BB  strain  vaa  oonduoted.  After  Innunlzatlon  folloiMip  ezaidjutlon 
were  given,  Inoluding  X-rays  of  thoracic  organs  and  hematologloal 
exaninatlonsj  to  157  Rien.  Clinically  expressed  post-vaoolnal  reactions 
were  almost  nil.  There  was  no  ten^erature  reaction,  no  changes  In  general 
health,  and  no  changes  In  the  thoracic  organs.  Clinical  analysis  of  the 
blood,  however,  showed  marked  increases  In  leukocytes,  particularly  In 
the  first  few  dsys  after  Immunisation.  In  a  large  nu^r  of  cases  there 
was  leukocytosis.  Changes  in  the  sedimentation  rate  were  Insignificant. 
Changes  In  the  blood  were  not  studied  after  J-Q  days  following  the 
ininunizatlon  and  no  thorough  analysis  of  the  white  blood  was  madej  neither 
was  the  litinunologloal  effectiveness  of  aerosol  Inmmlsatlon  with  the  dust 
plague  vaccine  evaluated.  The  aerosol  immunisation  method  proved  to  be 
simple  to  conduct  and  the  reaction  to  this  method  was  considerably  milder 
than  reactions  to  the  subcutaneous  and  epidermic  methods  of  vaccination 
with  the  dust  plague  vaccine. 


CONCLUSIONS 

1.  Aerosol  Innunlzatlon  of  people  with  dust  plague  vaccine  In  doses 
of  150-200  million  live  microbes  of  the  EB  vaccine  strain,  appears  to 
have  practically  no  reaction j  it  does,  however,  cause  typical  reactions 
in  the  blood. 

2.  The  aerosol  method  of  Immunization,  conducted  under  practical 
conditions  on  sufficiently  large  groups  of  people,  has  proved  to  be 
extremely  unoomplicated,  permitting  rapid  mass  Immunization, 
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